INTRODUCTION {#sec1-1}
============

Numerous sealers have been used in conjunction with Gutta percha for root canal obturation. Bioceramics, a novel category of high-purity tricalcium silicate sealers, were recently launched and possibly offer certain advantages compared to commonly used sealers.\[[@ref1]\] The bond formed between the dentinal walls and the bioceramics after their setting is under investigation.\[[@ref2]\] Studies propose a micromechanical anchorage\[[@ref2]\] as well as a chemical adherence\[[@ref3]\] of the sealer to the dentin substrate. Their unique setting activity and their hardness upon setting may enhance their adhesion and resistance to dislocation from dentin and hinder their efficient removal during the secondary endodontic therapy.\[[@ref4][@ref5][@ref6][@ref7]\] The sealer residues constitute a mechanical barrier between the intracanal disinfectants and the microbes of hardly accessible areas such as dentinal tubules and ramifications.\[[@ref8]\] Furthermore, their apical retrieval may assist the clinician to attain apical patency, which significantly increases the periradicular healing rates.\[[@ref9]\]

A number of studies have tested the removal of bioceramic sealers.\[[@ref6][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\] However, little is known regarding the retreatability of a newly developed bioceramic material, BioRoot™ RCS (Septodont, Saint Maur des Fossés, France). Modified from Biodentine, this material consists of a fine powder of tricalcium silicate and zirconium oxide and a liquid solution that contains calcium chloride.\[[@ref7]\]

The present study evaluated the residual filling material, the reestablishment of working length (WL) and the retrieval of apical patency following the removal of BioRoot RCS used in a single cone obturation technique, considering a premixed bioceramic and an epoxy resin sealer as comparisons. This is the first effort to undertake a microscopy study for evaluation of the residues of BioRoot RCS on the root canal walls after retreatment.

MATERIALS AND METHODS {#sec1-2}
=====================

Sixty-eight permanent single-rooted human canines were selected for the study. Teeth were verified with mesiodistal and buccolingual radiographs as having single canals of \<20° curvature. Teeth with root fillings, calcifications, immature apices, and resorptive defects were discarded. For disinfection purposes, the teeth were soaked in a 5.25% sodium hypochlorite (NaOCl) solution for 10 min and then stored in 0.1% thymol until use. Standardized root specimens of 16 mm length were formed after the trim of the crowns with a double-sided diamond disc and a low-speed handpiece under water coolant. The patency was established by inserting a size 10 K-file (Dentsply Maillefer, Ballaigues Switzerland) into the root canal until the tip was visible at the apical foramen. The WL was calculated by subtracting the file 1 mm from the anatomical apex. All canals were instrumented with rotary files (Sendoline, Täby, Sweden) up to size 40/.04 in a crown-down manner using an X-Smart endodontic motor (Dentsply Maillefer) according to the manufacturers\' instructions. The irrigation protocol included 2 ml 2.5% NaOCl between each instrument and a final flush of 5 ml 2.5% NaOCl, followed by 5 ml 17% ethylenediaminetetraacetic acid and 5 ml saline. Subsequently, the canals were dried with paper points.

With the aid of a computer algorithm ([www.random.org](http://www.random.org)), the samples were randomly divided into three groups (*n* = 20) according to the sealer used during the root canal obturation.

Group I (*n* = 20): AH26 sealer (Dentsply Maillefer, Tulsa, USA)Group II (*n* = 20): TotalFill^®^ BC Sealer (FKG Dentaire SA, La Chaux-de-Fonds, Switzerland)Group III (*n* = 20): BioRoot RCS (Septodont, St. Maur-des-Fossés, France)Positive control group (*n* = 6): Equal specimens were obturated with one of the sealers, but no retreatment procedure was appliedNegative control group (*n* = 2): Two specimens were not obturated and the retreatment procedure was applied.

Except for TotalFill BC Sealer, which is premixed in ready-to-use syringes, the other sealers were mixed according to the manufacturer\'s instructions. Root canal filling to the WL was carried out with matched tapered Gutta percha points (Sendoline, Täby, Sweden) in a single cone technique. The access of canals was sealed with Cavit-G (3M ESPE, Seefeld, Germany). Mesiodistal and buccolingual radiographs verified the quality of the obturation. The specimens were stored at 37°C in 100% relative humidity for 60 days.

The ProTaper Universal Retreatment D1, D2, and D3 rotary files (PTR; Dentsply Maillefer, Ballaigues, Switzerland) were used for the removal of the material from the coronal, middle, and apical thirds, respectively. The canals were further instrumented with rotary files up to size 50/.04 (Sendoline, Täby, Sweden). The aforementioned irrigation protocol was applied during the retreatment procedure. All instruments in the study were discarded after they were used five times. The retreatment was considered complete when the last instrument reached the WL and no evident filling material could be seen on the last file. The ability to reach WL and to regain patency were determined using small K-files (6, 8, 10, 15 Dentsply, Maillefer).

The teeth were grooved buccolingually using a diamond bur and then wedged apart longitudinally with a hammer and a chisel. One half of each tooth was randomly selected for the study. Three grooves were prepared in the root surface, with a lancet indicating the coronal (9 mm from the apex), middle (6 mm from the apex), and apical (3 mm from the apex) thirds. One scanning electron microscope (SEM) photomicrograph was taken at the center of the root canal in the aforementioned positions at two magnifications (×100, ×1000). The identification of the material remnants was achieved using energy dispersive spectrometry (EDS) (Inca software, Oxford, UK).

The residual material on the dentin was evaluated using a predefined scale\[[@ref14]\] \[[Figure 1](#F1){ref-type="fig"}\] as follows:

![Representative images of scores assigned to the SEM photomicrographs. (a) Score 1; (b) Score 2; (c) Score 3, (d) Score 4](JCD-21-632-g001){#F1}

Score 1: No or slight presence of remnants (0%--25%)Score 2: Presence of some remnants (25%--50%)Score 3: Frequent presence of remnants (50%--75%)Score 4: Remnants present almost everywhere (75%--100%).

A single operator performed all the experimental procedures, while the images were individually assessed blind by two examiners.

Statistical analysis was carried out with SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). The Kruskal--Wallis test was used to identify potential significant differences among the canal thirds of each group, and among the groups in each canal third and in total canal area. The ability to reach WL and to regain patency was analyzed by Fisher\'s exact tests. *P* \< 0.05 was used to determine significance.

RESULTS {#sec1-3}
=======

The patency and WL were regained in 95% of the specimens in Group 1 and in 100% of the specimens in Groups 2 and 3. The Fisher\'s exact test revealed no significant differences either between Groups 1 and 2 or 1 and 3 (*P* = 1.00). All specimens exhibited filling residues in the root canal walls. The intragroup comparison revealed that the amount of material debris was similar in all canal thirds of each group (Kruskal--Wallis test, *P* = 0.064 for AH26, *P* = 0.061 for TotalFill, *P* = 0.340 for BioRoot RCS). Moreover, there was no statistically significant difference among the groups either in the root canal thirds or in the total canal area (*P* \> 0.05). The results of the intergroup comparison are presented as mean percentage of filling remnants in [Table 1](#T1){ref-type="table"}. Representative SEM images of each canal third of the three groups are depicted in [Figure 2](#F2){ref-type="fig"}.
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Residual root canal filling material for each group
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![Representative SEM images of the three groups at ×1000 magnification. Group 1 (a: coronal third; b: middle third; c: apical third), Group 2 (d: coronal third; e: middle third; f: apical third), Group 3 (g: coronal third; h: middle third; i: apical third)](JCD-21-632-g003){#F2}

DISCUSSION {#sec1-4}
==========

The protocol of this study was designed to evaluate the residual filling material after retreatment of samples obturated with a new bioceramic endodontic sealer and Gutta percha. In an effort to minimize the number of variables in the study, only canines with similar dimensions were used and all groups followed the same instrumentation and irrigation protocol. A file two sizes greater than the initial master apical file was utilized for apical re-enlargement in an effort to efficiently decrease the material remnants.\[[@ref19]\] The use of solvent during retreatment was avoided, as it may create a thin layer of filling debris on the dentinal walls that is difficult to eliminate.\[[@ref20]\]

The bioceramic material remnants have been evaluated with various techniques such as digital radiography,\[[@ref11]\] confocal microscopy,\[[@ref15]\] microcomputed tomography,\[[@ref6][@ref12][@ref17][@ref18]\] optical microscopy,\[[@ref7][@ref14][@ref16]\] and SEM.\[[@ref10][@ref13][@ref15]\] The latter is the only method that can evaluate the cleanliness of the dentinal tubules.\[[@ref13]\] Moreover, EDS is a method used to chemically characterize the filling debris.\[[@ref21]\] Therefore, in this study, high-resolution SEM photomicrographs were used to observe the filling debris of retreated canals previously obturated with BioRoot RCS and Gutta percha.

The retreatment procedure was considered complete when the last instrument reached the WL and no filling debris could be observed on its surface.\[[@ref12]\] Although the last instrument of the retreatment was a file two sizes greater than the initial master apical file, all root samples showed some remaining filling material during the SEM observation. Hence, the enlargement of the canal preparation or the lack of material debris in the files cannot guarantee the complete removal of the sealer from the root canal walls.

In this study, BiorOOT RCS exhibited the same amount of filling residues as the bioceramic TotalFill BC Sealer and the epoxy resin-based AH26. This comes in accordance with the study of Ersev *et al*., where they compared Endosequence BC Sealer to Hybrid Root SEAL and Activ GP and observed the same amount of filling debris after retreatment.\[[@ref11]\] Similar results were demonstrated for iRoot SP versus MM Seal and AH Plus\[[@ref13]\] and for Endosequence BC Sealer versus AH Plus.\[[@ref11][@ref15][@ref18]\] On the other hand, other results indicate that the retreatment of iROOT SP\[[@ref14]\] and Endosequence BC Sealer\[[@ref6]\] left more filling remnants than AH26 and Pulp Canal Sealer EWT, respectively. Moreover, although the retreatment of BioROOT RCS resulted in similar amount of residues as Endo CPM Sealer, it exhibited less material leftovers than AH Plus.\[[@ref7]\] The discrepancy of the results may be attributed to differences in methodology. For instance, while Donnermeyer *et al*. evaluated the sealer remnants with light microscopy,\[[@ref7]\] this study used SEM images of higher magnification, which could possibly reveal more filling residues.

Moreover, some studies have employed Gates Glidden drills,\[[@ref6][@ref11][@ref13][@ref15]\] ultrasound tips,\[[@ref16]\] and heat\[[@ref10]\] for the removal of the coronal obturation material. Their additional use might affected the results and be responsible for the observation of more closed dentinal tubules\[[@ref13]\] and more remaining filling material\[[@ref11]\] in the apical third. On the contrary, in studies where the samples were instrumented only with rotary files, the percentage of the bioceramic sealer remnants on the apical third was similar\[[@ref14]\] or less\[[@ref17]\] from the middle and the coronal third. This study followed the latter instrumentation protocol and the intragroup comparison revealed the same amount of filling material in all canal thirds.

Research indicates that the WL can be reached in the majority of the specimens filled with Gutta percha and bioceramic sealer.\[[@ref10][@ref16][@ref17]\] Furthermore, the percentage of apical patency recovery of canals obturated with bioceramic sealer and Gutta percha fluctuates from 80% to 100% in most studies.\[[@ref10][@ref15][@ref16]\] Only one study did not confirm the former result and found a 14% patency attainment of canals filled with Endosequence BC sealer and Gutta percha.\[[@ref17]\] The present research resulted in a 100% WL and patency recovery for all the samples, regardless of the bioceramic sealer used. These results indicate that WL and patency recovery are manageable in the clinical act.

CONCLUSION {#sec1-5}
==========

A significant amount of material residues was found in the root canal. As a matter of fact both the bioceramic and the epoxy resin-based sealers left the same amount of filling remnants after retreatment. Moreover, the WL and patency reestablishment were achievable at all groups. Therefore, it can be concluded that the retreatability of the novel BioRoot RCS can be considered manageable in the clinical setting.
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